ABSTRACT MicroRNA (miRNA) is small noncoding RNA that is extensively expressed in organisms. Different types play important roles in various biological processes, such as growth and development. In this study, we identified 47 miRNA in chicken adipose tissue and skeletal muscle, of which 38 were known chicken miR-NA, 4 were known miRNA homologous to other species, and 5 were potentially novel miRNA. The target genes from adipose tissue and skeletal muscle were predicted.
INTRODUCTION
MicroRNAs (miRNA), which are extensively expressed in a variety of organisms and tissues, comprise a class of small noncoding single-strand RNA and about 22 nucleotides in length (Bartel, 2004) . The biogenesis of mature miRNA are processed from the precursors (Hutvágner et al., 2001; Lund et al., 2004; Filipowicz, 2005) , which are generated from the transcripts of miR-NA genes (Lee et al., 2004; Kim, 2005; Carthew and Sontheimer, 2009) and form approximately 70-nucleotide hairpin secondary structures (Lee et al., 2003; Han et al., 2006) . MicroRNAs play important roles in regulating various biological processes, including cell proliferation, differentiation, development, apoptosis, and tumorigenesis (Bartel, 2004) . They regulate the expression of target protein-coding genes at the post-transcriptional level by interacting with the 3′-untranslated region (UTR) of the mRNA (Doench and Sharp, 2004; Brennecke et al., 2005) . They carry functions in different mechanisms, such as inhibition of translation (Lee et al., 1993) , cleavage of target mRNA (Bagga et al., 2005) , and deadenylation of target mRNA . According to an assessment, 1 miRNA can regulate the expression of hundreds of mRNA, whereas the expression of 1 mRNA can be regulated by hundreds of miRNA (Krek et al., 2005) . In other words, miRNA construct networks of sophisticated regulator control systems in organisms and play very important roles.
Some miRNA are specifically expressed in certain organisms or tissues, so each tissue should be isolated in order to identify the specifically expressed miRNA. According to previous reports in mice, miR-122, specifically expressed in the liver, is involved in the metabolism of cholesterol and fatty acids (Esau et al., 2006) ; miR-1, miR-133, and miR-206 are specifically expressed in the muscle, and can control growth and development of that muscle (Chen et al., 2006; . Besides the miRNA mentioned above, some miRNA were identified as being specifically or unspecifically expressed in adipose tissue or muscle. They are involved in growth or development of adipose tissue or muscle. For example, miR-181 (Naguibneva et al., 2006) , miR-214 (Flynt et al., 2007 ), miR-208 (van Rooij et al., 2007 ), miR-195 (Stefani and Slack, 2008 , and miR-29 (Wang et al., 2008a) are specifically, unspecifically, or temporarily expressed in muscle and are involved in the proliferation or differentiation of skeletal or cardiac muscle cells. Three miRNA, miR-17-92 (Wang et al., 2008b) , miR-9, and miR-143 (Esau et al., 2004) , are expressed in adipose tissue and involved in the differentiation of adipocytes.
The chicken is an important agricultural animal. Some miRNA were identified from chickens, according to previous reports (Glazov et al., 2008; Hicks et al., 2008; Wang et al., 2009 identify and characterize the miRNA in the adipose tissue and skeletal muscle. In the current study, the miRNA in chicken adipose tissue and skeletal muscle were identified by constructions of small RNA libraries.
The genomic organization and sequence characterization of the miRNA were also systematically analyzed. The expression profiles of the miRNA were detected by real-time (RT)-PCR using a specific stem-loop method. The study provides the basic idea to understand the functions of miRNA in chicken adipose tissue and skeletal muscle.
MATERIALS AND METHODS

Tissue Collection and RNA Isolation
The abdominal adipose, skeletal muscle, and other chicken tissues were collected from 0, 7, 14, 21, 28, 35, 42, and 49-d-old Arbor Acres commercial chickens. Tissues were snap frozen in liquid nitrogen and stored at −80°C until RNA extraction. Total RNA was isolated using TRIzol reagent (Invitrogen, Carlsbad, CA). Total RNA concentrations and quality were determined by spectrophotometry (Thermo Scientific, Wilmington, DE) and formaldehyde-agarose gel electrophoresis.
Small RNA Library Construction and Sequencing
Complementary DNA (cDNA) libraries for small RNA from chicken adipose tissue and skeletal muscle were constructed according to published miRNA cloning protocols (Lagos-Quintana et al., 2001; Lau et al., 2001) . Briefly, about 800 μg of total RNA, pooled equally from two 28-d-old chickens, was fractionated on 15% denatured polyacrylamide gels. The RNA in the range of 17 to 27 nucleotides were extracted and ligated to the 3′ linker, 5′-rAppCTGTAGGCACCATCAA T/3ddC/-3′ (Integrated DNA Technologies, Coralville, IA) using T4 RNA ligase 2, truncated (New England BioLabs, Beverly, MA). Then, the ligated RNA (35-45 nucleotides) were eluted from 15% denatured polyacrylamide gels using 0.3 N NaCl, followed by the ligation of the 5′ linker, 5′-TGGAATrUrCrUrCrGrGrGrCrArCrCrArArGrGrU-3′ (Integrated DNA Technologies) using T4 RNA ligase 1 (New England BioLabs). The ligated RNA (57-67 nucleotides) were extracted and reverse transcribed to cDNA using the primer 5′-ATTGATG-GTGCCTACAG-3′ and an RNA PCR Kit (Takara, Dalian, China). The cDNA products were amplified using the forward primer (5′-AATTCTCGGGCAC-CAAG-3′) and the reverse primer (5′-ATTGATGGT-GCCTACAG-3′) with 25 PCR cycles of 95°C for 30 s, 50°C for 30 s, and 72°C for 30 s. The PCR products (53-63 nucleotides) were extracted from the agarose gels using the QIAEX II Gel Extraction Kit (Qiagen, Hilden, the Netherlands) and cloned into a pCR2.1 vector using a TA Cloning Kit (Invitrogen) to construct the small RNA libraries. The colonies from the libraries were selected randomly and the purified plasmids were digested by EcoRI (Takara; Lagos-Quintana et al., 2001; Lau et al., 2001) . The positive plasmids containing the PCR products were sequenced (Sunny, Shanghai, China) using the pCR2.1 specific primers, and the sequences between the 2 linkers were analyzed as small RNA sequences.
Small RNA Sequence Analysis
At first, the small RNA sequences were searched against the miRBase (http://www.mirbase.org/) (Ambros et al., 2003; Griffiths-Jones, 2004; Griffiths-Jones et al., 2006 . If a sequence had a hit in the database (less than 2 nucleotide mismatch, or >90% identity), it was considered as a known miRNA sequence. The remaining sequences were BLAST-searched against the Gallus gallus database in the GenBank (http:// www.ncbi.nlm.nih.gov). The sequences matching with rRNA or tRNA were considered as known RNA sequences. The remaining sequences were BLASTsearched against the Gallus gallus database in Ensembl (http://www.ensembl.org). If a sequence matched with the chicken genome sequence (except for one to three 5′ or 3′ end nucleotides), which is an approximately 80-nucleotide genomic sequence flanking the 5′ or 3′ end of the small RNA sequence, then it was analyzed for a hairpin structure using the RNA folding software mfold online (http://mfold.bioinfo.rpi.edu/cgi-bin/rnaform1.cgi; Zuker, 2003) . If it conformed to the miRNA biogenesis principle: the putative miRNA is in one arm of the hairpin, with less than 10 nucleotide putative miRNA sequence mismatches to the other arm of the hairpin, the minimum free energy is less than −20 kcal/ mol, and the hairpin lacks large loops and bulges, then it was considered as a potential novel miRNA precursor (Ambros et al., 2003) . The genomic locations of the novel miRNA were determined by BLAST search in the Ensembl chicken database.
Computational Prediction of miRNA Targets
The miRNA targets were predicted by analyzing the putative binding sites between the miRNA in the libraries and the 3′-UTR of corresponding mRNA. At first, the 3′-UTR sequences of Gallus gallus were downloaded from the 3′-UTR database (http://utrdb.ba.itb. cnr.it/; Mignone et al., 2005) . Two hundred and fifty 3′-UTR sequences of mRNA expressed in the adipose tissue and skeletal muscle were selected, respectively. Then, the miRNA target prediction software, miRanda v 1.0b (Enright et al., 2003) , was used to predict the binding sites between the miRNA and the 3′-UTR of mRNA using the default parameters, except the energy threshold was set to −15 kcal/mol. The TargetScan principle should also be applied in the prediction procedures: the 3′-UTR of the mRNA should match to the seed region of the miRNA (nucleotides 2-7), the 8th nucleotide of miRNA should also be a match (Lewis et al., 2003 (Lewis et al., , 2005 .
MicroRNA Assay of miRNA Expression
The TaqMan MicroRNA Assay (Applied Biosystems, Foster City, CA) was used to detect the expression of miRNA. The expression of miRNA in various tissues and different developmental stages of chickens was detected by quantitative RT-PCR according to the protocol of TaqMan MicroRNA Assay (Applied Biosystems; Chen et al., 2005) . In brief, the miRNA was reverse transcribed to cDNA using the specific stem-loop RT primer (Applied Biosystems). The reverse transcriptase reactions contained 10 ng of total RNA, 3 μL of stemloop RT primer, and other RT reagents from the TaqMan MicroRNA Reverse Transcription Kit (Applied Biosystems). The 15-μL reactions were incubated at 16°C for 30 min, 42°C for 30 min, and 85°C for 5 min, and then held at 4°C. The RT products were stored at −20°C. Real-time quantitative PCR was performed using a pair of miRNA specific primers, a miRNA specific probe (Applied Biosystems), and other PCR reagents from TaqMan Universal Master Mix II, no UNG (Applied Biosystems). The 20-μL PCR volume included 10 μL of 2× PCR Master Mix, 1 μL of 20× TaqMan MicroRNA Assay Mix (miRNA specific primers and probe; Applied Biosystems), and 1.33 μL of RT product. The reactions were incubated at 95°C for 10 min, followed by 40 cycles of 95°C for 15 s and 60°C for 60 s in an Applied Biosystems 7500 Thermocycler. All reactions were run in duplicate. The threshold cycle (C T ) was defined as the fractional cycle number at which the fluorescence passed the fixed threshold. As an internal control, 18S rRNA was detected using the TaqMan Pre-Development Assay Reagent, 18S rRNA (Applied Biosystems). The expression levels of miRNA were measured in terms of C T value and normalized to 18S rRNA using 2 -ΔΔCT (Livak and Schmittgen, 2001 ).
The expression of differentiation marker genes PPARγ in adipose tissue and myogenin in skeletal muscle were detected by quantitative RT-PCR using PrimeScript RT reagent Kit (Takara) and Power SYBR Green PCR Master Mix (Applied Biosystems); β-actin was used as an internal control. The sequences of primers for these genes are shown in Supplemental Table S1 ; available online at http://ps.fass.org/content/vol91/issue1/).
RESULTS
Small RNA Libraries
Two small RNA libraries were constructed from chicken adipose tissue and skeletal muscle. In total, 285 clones were picked randomly from the library of adipose tissue and 192 positive clones were sequenced. In total, 256 clones were picked randomly from the library of skeletal muscle and 148 positive clones were sequenced. By comparisons of these sequences to miRBase, we identified 201 miRNA sequences: 48 known chicken miRNA sequences from adipose tissue and 84 known chicken miRNA sequences from skeletal muscle; 38 and 31 miRNA sequences from adipose tissue and skeletal muscle, respectively, which were homologous to known miRNA in other species (Table 1) . If some miRNA sequences were the same to each other, or 1 miRNA sequence differed by only 1 or 2 nucleotides from another, these sequences were clustered as 1 miR-NA. In the identified 201 miRNA sequences, 42 unique miRNA were revealed by clustering analysis, of which 10 were from adipose tissue, 20 were from skeletal muscle, and 12 were from both. Most of these miRNA were sequenced from 1 to 3 clones from the libraries. A few of them, such as gga- miR-22, gga-miR-199 , and miR23a, were sequenced from more than 10 clones from the libraries ( Table 2 ).
All of the remaining sequences, other than the known chicken miRNA, were BLAST-searched against the chicken genome database. Nine were identified as fragments of rRNA (Table 1) . Seven sequences had precursors that could form stable hairpin structures, in which 4 sequences represented 1 miRNA homologous to known miRNA in other species and 3 sequences represented 3 unique sequences (Tables 1 and 2 , Figure 1 ). Furthermore, these hairpin structures met the miRNA biogenesis principle. Thus, the 1 miRNA homologous to known miRNA in other species was regarded as known miRNA, and the 3 sequences were proposed as potential novel miRNA. There were 2 sequences that were considered to be novel chicken miRNA, according to the NCBI. These sequences were not located in the chicken genome, but in the GenBank, they were predicted as putative chicken miRNA. The sequences from adipose tissue, gfcl-143 (5′-AUCCCACCGCUGCCACCA-3′) and gfcl-197 (5′-GGCUGAGGUGGGAUCCCGGGGCGGCA-3′) each coincided with a putative miRNA in the GenBank with accession number AM691362 and AM691142, respectively.
The remaining sequences, other than the miRNA above, were considered as unknown sequences, some of which (and the other 3 of the 4 unique miRNA homologous to known miRNA in other species) were not located in the chicken genome (Table 1 , 2). Given that the current chicken genome sequencing is still underway and the complete chicken genome has not yet been released, it may explain why these sequences could not be mapped.
Analysis of the Chicken miRNA Clusters
Analysis of the chromosome locations of miRNA in the libraries revealed that some of them were located very closely on the same chromosome in the chicken genome. According to a previous report (Altuvia et al., 2005) , 3,000 nucleotides was defined as the maximum distance for 2 miRNA to be in order for them to be considered as an miRNA cluster. Based on the miRBase 16.0, 5 miRNA clusters were revealed. There were 12 miRNA included in the 5 clusters, of which 4 clusters contained 2 miRNA and 1 cluster (mir-92-mir-19b-mir-18a-mir-17) contained 4 miRNA (Table 3) . These miRNA clusters were conserved in other species, such as human, mouse, and rat, so mir-133a-1-mir-1a-2 is considered as a cluster although the distance between mir-133a-1 and mir-1a-2 is slightly more than 3,000 nucleotides. Most of the miRNA in the clusters were co-expressed in the skeletal muscle.
Sequence Polymorphism of Chicken miRNA
Comparison of the chicken miRNA sequences revealed that many chicken miRNA had sequence polymorphisms. That was to say, one miRNA had several miRNA sequences (Supplemental Table S2 ; available online at http://ps.fass.org/content/vol91/issue1/). This result was similar to the previous report (Gu et al., 2007) . According to the sequencing results of libraries, some sequences had more clones and some sequences had fewer. For example, miR-23a, the sequence 5′-AUCACAUUGCCAGGGAUUUCC-3′ had 32 clones, but the sequence 5′-AUCACAUUGCCAGGGAU-UUCCU-3′ had only 1 clone. Further alignment of the miRNA sequences revealed that most of the sequences varied at the 3′ end, such as miR-125b, miR-24, and miR-191; whereas a few of the sequences varied at the 5′ end, such as miR-126; and some other sequences varied at both the 5′ and 3′ ends, such as miR-23a. Several of the sequences varied by even 1 nucleotide in the middle, such as miR-199, miR-26a, and miR-23a. Based on comparisons between the miRNA sequences and miRNA precursors in the miRBase, many of these sequences were probably generated from the same miR-NA precursor (Figure 2 ). 
Computational Prediction of the Chicken miRNA Targets
The prediction of miRNA targets is an important way to determine the function of miRNA. Based on the gene profiles of adipose tissue and skeletal muscle, we selected the expressed genes randomly. In total, 184 out of 250 genes from the adipose tissue and 208 out of 250 genes from the skeletal muscle were predicted to be the targets of miRNA in the 2 libraries, accounting for 73.6 and 83.2%, respectively (Supplemental Tables S3,  S4 , S5, S6; available online at http://ps.fass.org/content/vol91/issue1/). Some miRNA target genes from adipose tissue were involved in growth and development of adipose tissue; for example, the target genes of miR-122: low-density lipoprotein-related protein 12 (LRP12), insulin-like growth factor binding protein 7 (IGFBP7), heat shock protein 25 (HSP25), bone morphogenetic protein 7 (BMP7), and bone morphogenetic protein (BMP5). Likewise, some miRNA target genes from skeletal muscle were involved in growth and development of skeletal muscle; for example, the target genes of miR-133a: CCR4-NOT transcription complex, subunit 2 (CNOT2), signal peptide peptidase-like 2A (SPPL2A), CCHC-type zinc finger, nucleic acid binding protein (CNBP), FXYD domain containing ion transport regulator 6 (FXYD6), and muscleblindlike (MBNL1); the target genes of miR-1a: activin A receptor, type I (ACVR1), FXYD6, torsin family 1, member A (TOR1A), developmentally regulated GTP binding protein 2 (DRG2), and polymerase (DNA directed) sigma (POLS). Some of the binding sites of genes targeted by miRNA were shown in Figure 3 . Some miRNA had a few target genes; for example, miR-193b and miR-99a had 14 and 15 target genes, respectively. Some had many target genes; for example, let-7c and let-7b had 97 and 102 target genes, respectively. The numbers of the miRNA target genes in the libraries are listed in Table 4 . The target genes from the adipose tissue and skeletal muscle might be regulated by more than 1 miRNA. Some target genes were regulated by many miRNA, such as ADP-ribosylation factor GTPase activating protein 1 (ARFGAP1), which was regulated by 18 miRNA. Some target genes were regulated by few miRNA; for example, thyroid hormone responsive (SPOT14 homolog, rat; THRSP), and proteasome (prosome, macropain) 26S subunit, ATPase, 5 (PSMC5) each was regulated by only 1 miRNA (Table 5 ). The lipoprotein lipase (LPL), a gene that regulates differentiation of adipose in adipose tissue, was the target of miRNA: miR-126, miR-199, miR-455-5p, miR-181b, and miR-145. Developmentally regulated GTP binding protein 2, a gene that regulates the development of skeletal muscle in skeletal muscle, was the target of miRNA: miR-199, miR-1a, miR-23b, miR-19b, miR-23a, and miR-27a. 
Expression of Chicken miRNA
The stem-loop RT primer could specifically reverse transcribe the mature miRNA. Ten miRNA (miR-23a, miR-22, miR-133a, miR-122, miR-199, miR-1a, miR-126, miR-200b, miR-145, and miR-191) were selected to detect their expression levels in 12 various tissues of 28-d-old chickens using the TaqMan MicroRNA Assay. The results of RT-PCR showed that every miRNA was differentially expressed in various chicken tissues (data not shown).
MicroRNA may be expressed differentially in different developmental stages. We collected tissues from 8 stages: 0, 7, 14, 21, 28, 35, 42, and -23a, miR-122, miR-126, miR-200b, and miR-191 in adipose tissue from 21 to 49 d; and the expression of miR -22, miR-133a, miR-199, miR-1a, and miR-145 Figure S1 ; available online at http://ps.fass. org/content/vol91/issue1).
DISCUSSION
In this study, we identified 47 distinct chicken miRNA through cloning and sequencing, providing evidence that these sequences are chicken miRNA and some of them may be specifically expressed in chickens. The miRNA sequences we identified were generally close to 22 nucleotides in length, in agreement with previous reports (Lagos-Quintana et al., 2003; Bartel, 2004) . The identification of these miRNA will be very useful in further understanding the functions of chicken adipose tissue and skeletal muscle. Moreover, our results will help to investigate the regulatory mechanism of miRNA in chickens and other birds. The sequence of miR-138, which was cloned from skeletal muscle, is 5′-AGCUGGUGUUGUGAAUCAGGCCGU-3′, whereas it is 5′-AGCUGGUGUUGUGAAUC-3′ in the miRBase (International Chicken Genome Sequencing Consortium, 2004) . The sequence we cloned is more similar to an intact miRNA because it is closer to 22 nucleotides in length and it is included in a good hairpin structure. MicroRNA miR-138 can regulate cardiac patterning during embryonic development of zebrafish (Morton et al., 2008) . The unknown sequences we cloned are not located in the chicken genome, but because the sequencing of the genome is incomplete, they may be located in these incomplete regions. Therefore, some of them may be novel miRNA or new small RNA types undiscovered at present. Along with the completion of the chicken genome database, the identification of these unknown sequences will be a further necessary work for us.
The miRNA sequence polymorphism shows that there are some subtle variations between different sequences of the same miRNA, so there may be different expression levels and tissue distribution among them: some may be expressed in adipose tissue and others may be expressed in skeletal muscle. Supplemental Table S2 (available online at http://ps.fass.org/content/vol91/ issue1) lists the tissue distribution among them. Take miR-22 as an example, the variant 5′-GAAGCUGC-CAGUUGAAGAACUGU-3′ has a clone in adipose tis- Table 5 . Number of microRNA (miRNA) interacting with predicted target genes in adipose and skeletal muscle Predicted target genes from adipose tissue (no. of miRNA) Predicted target genes from skeletal muscle (no. of miRNA)
PKM2 (7) GOLPH3 (6) RANGAP1 (2) PODXL (7) RPL9 (5) PSCD3 (11) RPLP2 (2) ATP6VOE1 (1) EIF5 (1) POFUT1 (5) GSPT1 (4) SLC16A1 (11) MRPS6 (3) DSTN (4) TCOF1 (3) ZFP106 (4) ADA (11) DAZAP1 (7) GABPA (2) TMEM170 (9) PECAM1 (6) DIAPH1 (9) ZFP91 (13) USO1(6) UBE2H (8) FBXO9 (4) ZDHHC20 (4) WBP4 (11) MAOA (6) AP1G1 (7) OAF (6) CCDC13 (5) SNX12 (8) CREB3L2 (12) SLC43A3 (6) ARFGAP1 (18) DVL1 (6) CBLL1 (1) TEF (1) ZFYVE21 (5) FXYD6 (15) HNRPA3 (3) ADORA1 (1) CSDE1 (5) GBAS (6) TOR1A (12) ZRANB1(13) ARCN1 (7) P4HA1 (5) WFDC1 (2) EEF1A1 (5) NDFIP2 (8) GLRX5 (9) RACGAP1 (2) THRSP (1) CSRP1 (1) BIRC5 (5) FEM1A (10) RNF139(6) PALM (7) FLNB ( sue, the variant 5′-AAGCUGCCAGUUGAAUAACU-GU-3′ has a clone in skeletal muscle, and the variant 5′-AAGCUGCCAGUUGAAGAACUGU-3′ has more clones in skeletal muscle than in adipose tissue. Gu et al. (2007) identified many miRNA polymorphisms in bovine adipose tissue and the mammary gland, finding that these sequences were different in the 5′ or 3′ ends by several nucleotides. In this study, the miRNA polymorphisms identified from the chicken adipose tissue and skeletal muscle are in agreement with the results of Gu et al. (2007) because most of the sequence differences we found are also in the 5′ or 3′ ends by several nucleotides, except for a few in the middle of the sequence by only 1 nucleotide difference. These sequence polymorphisms may result from the processing of miR-NA precursors by enzymes in the generation of miRNA. Most of these differences are generated by cleavage of the same miRNA precursor at different nucleotides, some may be generated by nucleotide addition or nucleotide replacement at the 5′ or 3′ end of miRNA, and a few may be generated by gene mutation in the middle of miRNA (Supplemental Table S2 ; available online at http://ps.fass.org/content/vol91/issue1). We predicted that these miRNA played different roles, especially the miRNA that had 5′-end polymorphisms, because the 5′ end was the most important to the functions of miRNA (Lewis et al., 2003 (Lewis et al., , 2005 .
In this study, 184 miRNA target genes were predicted from 250 genes expressed in adipose tissue. Ours is similar to the result of Hackl et al. (2005) who picked up 395 genes expressed in adipose tissue of mice, predicting that 71% of genes were miRNA targets. In chickens, Hicks et al. (2010) identified the miRNA in the liver and validated some predicted target genes associated with lipogenesis. In this study, some genes were predicted to have more than 1 binding site for an miRNA, demonstrating that these genes were more likely to be miRNA targets. For example, phosphoenolpyruvate carboxykinase (PEPCK-M) expressed in adipose tissue had 4 binding sites for miR-99a. The WW domain binding protein 4 (WBP4) expressed in skeletal muscle had 3 binding sites for miR-199.
The results of the expression assay show that along with the development of adipose tissue, miR-200b is expressed in a trend of decrease, demonstrating that miRNA plays important roles in early developmental stages rather than late stages. MicroRNA miR-122 is more abundant at 35 d of age, indicating that miR-122 is essential to adipose tissue at 35 d and less important in earlier and later stages. In the skeletal muscle, miR1a and miR-22 have higher expression levels at 28 d compared with those at 14 and 35 d, implicating that 28 d is an essential stage to the development of skeletal muscle and the miRNA may play important roles in that stage. Both miR-133a and miR-1a are increasingly expressed from 14 to 49 d, suggesting they may be significant in the late stages.
The result of the expression of PPARγ in adipose tissue reveals that it is expressed in trends opposite to miR-122, in addition, PPARγ has a binding site for miR-122, according to miRanda and TargetScan (Supplemental Figure S2 available online at http://ps.fass. org/content/vol91/issue1), suggesting that PPARγ is a potential target gene of miR-122. The result of the expression of myogenin in skeletal muscle reveals that myogenin is expressed in trends opposite to miR-133a, implying the expression of miR-133 is related with myogenin. Given that PPARγ is important to growth and development of adipose tissue (Wang et al., 2008c) and myogenin is important to growth and development of skeletal muscle (Chargé and Rudnicki, 2004) , our results suggest that miR-122 may play an important role in growth and development of adipose tissue, and miR-133a may play an important role in growth and development of skeletal muscle.
In conclusion, we identified 47 unique miRNA in chicken adipose tissue and skeletal muscle, of which 38 are known chicken miRNA, 4 are known miRNA homologous to other species, and 5 are potential novel miRNA. In total, 184 and 208 target genes were predicted from adipose tissue and skeletal muscle, respectively. The expression of 10 miRNA was detected in different developmental stages of chickens, which show that the miRNA are differentially expressed in different developmental stages. Both miRNA-133a and miR-1a are muscle-related miRNA; miR-122 is adipose-related miRNA. These miRNA may be important to growth and development of chicken adipose tissue and skeletal muscle. Further studies of these miRNA will help to understand their functions in growth and development of adipose tissue and skeletal muscle of chickens.
